ABSTRACT
INTRODUCTION

21
Metabolic syndrome (MS) is a clustering of risks for cardiovascular diseases in middle-
22
aged adults, such as ischemic heart disease and stroke worldwide. [1] [2] [3] Many prior studies reported 23 different incidences in MS from 3.1 to 22.9 per 1,000 person-years using different definition 24 criteria for adults aged 40 or older. [4] [5] [6] [7] Regarding the incidence of MS per 1,000 person-years in 25 young adults aged younger than 40, values of 11.7 for men and women aged 18-30, However, in Asians, some studies [13] [14] discussed the association between 31 MS incidence and subject factors including age 20-30, but the incidence of MS in young people 32 is unclear. Also, in Japan, one retrospective study reported a MS incidence of 9.2% in 877 33 male workers aged 30-35 according to Japanese criteria using BMI. 15 Prospective studies 34 reported an incidence rate of MS per 1,000 person-years of 24.0 in 22,383 workers aged [30] [31] [32] [33] [34] [35] 64, 16 and a 12% cumulative incidence rate of MS in 6,817 workers aged 20 or older during a 36 median follow-up of 3 years defined by the Joint Statement criteria. 17 
37
Although these previous studies included those in their 20s or 30s, they did not focus on the 38 incidence rate of MS in young Japanese adults according to Japanese criteria. Further, to our 39 knowledge, no published large-scale prospective cohort study has analyzed the incidence rate 40 of MS in young Japanese adults in their 20s to 30s by gender according to Japanese criteria.
41
In 2008, a national health program was launched in Japan. This program is called specific 42 health checkups (SHC) and specific health guidance (SHG), focusing on improving the status 43 of MS. 18 The targets of this program are people from 40 to 74 years old with MS or pre-MS. the prevalence of MS in Japanese people aged 40 years or older is still high. 19 We hypothesized 46 that many people younger than 40 years developed new MS because they are not a target 47 population. Hence, the aim of the present study was to clarify the incidence of MS among young 48 Japanese adults by gender in a large-scale 6-year prospective cohort study.
49
50
METHODS
51
Study design and participants
52
A 6-year follow-up cohort study was conducted. Subjects were recruited from participants history of MS diagnosis (n=6,158), pregnancy in females (n=317), and those who had 60 undergone health check-ups at the baseline only (n=15,220) were excluded. A final target of 61 61,342 participants without a diagnosis of MS participated in the baseline survey. We excluded 62 1,317 participants because they had missing data on the diagnosis of MS and 1,124 pregnancies 63 during the 6-year follow-up period. Therefore, 58,901 participants were enrolled in the present 64 study and followed until 2016. Of the 58,901 participants, 35,622 (60.5%) were followed for 6 65 years, and the other 23,279 (39.5%) participants as censored cases did not visit the center 66 continuously from the third to fifth years after the follow-up of this study (Figure 1 ).
68
Measurements:
69
The baseline and follow-up annual health checkups included a physical examination, (SBP) and diastolic blood pressure (DBP) were measured using auto-manometers (Omron Co.,
74
Tokyo, Japan). Fasting blood samples were obtained from all subjects, and triglycerides (TG), 75 low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 76 and fasting blood glucose (FBG) were measured at a bio medical laboratory (BML, INC, Japan).
77
The medical history included questions regarding the history of hypertension or taking 78 hypertension drugs, history of dyslipidemia or taking lipid-lowering drugs, and history of 79 diabetes or taking diabetes medication.
80
Lifestyle factors, such as smoking, drinking alcohol, dietary behaviors, physical activity, In the present study, the period diagnosed with metabolic syndrome was counted from the 102 year in which the health check-up had been undertaken. When a health check-up was not 103 undergone for the first year after the baseline, it was considered a censored case.
105
Statistical analyses
106
The participants were divided into 3 age groups by gender as follows: 20s, 30s, and 40s at 107 the baseline. Baseline characteristics were analyzed using the Chi-squared test for categorical All statistical analyses were performed using an assumed type I error rate of 0.05. Statistical 118 analyses were performed using SPSS Statistics 24 for Windows (IBM Japan, Tokyo, Japan). 
RESULTS
128
Baseline characteristics
129
There were 17,665 females and the mean (SD) age was 37.3 (7.5) 
MS onset in healthy people
160 Table 3 shows that the incidences of MS in healthy people who did not exhibit any 161 components of MS at the baseline were lower than in Table 2 
DISCUSSION
184
In the present study, the incidences of MS per 1,000 person-years were 2.2 in the 20s and according to the Japanese criteria. To our knowledge, this is the first study to clarify the MS 189 incidence in young Japanese adults in their 20s and 30s by gender.
190
We also examined the incidence of MS in the young Japanese adults according to ATP III criteria. For females, the incidences of MS per 1,000 person-years and the adjusted HR 192 of MS were higher than those using the Japanese criteria. They were 6.1 in the 20s and 12.5 in In addition to aging, a poor lifestyle is an important factor that increases the incidence of 
233
Strengths of the present investigation are that it involved a large young population and a 6-234 year cohort, which supports the causative role of MS incidence in the young. Also, the study 235 used two diagnostic criteria for MS, Japanese criteria and NCEP-ATP III criteria, to avoid 236 diagnostic bias caused by different criteria for MS. These are more likely to improve the 237 generalizability of the findings. Finally, our study analyzed the association between age groups 238 and the incidence of MS in healthy people without any components of MS.
239
Limitations of our study should also be noted. Firstly, about 15,000 (17%) participants who 240 had undergone only one heath check-up at the baseline could not be followed-up. However, 
247
In conclusion, the incidences of MS in the 20s and 30s are lower, but it accounts for 20 to 248 50% for females and 50 to 70% for males in the 40s. Our findings suggest that it doesn't look 249 too trivial to be ignored for the population. Thus, early lifestyle intervention for MS is necessary 250 in young adults. 
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